The cryostat for 8 < T < 300 K presented here, based on a closed-cycle cryogenic engine, optimizes the powder-grain statistics of the sample by the use of a cold sample spinner working within an open helium-gas atmosphere for thermal contact. The compact design of the cooling stage adapted to the Bragg-Brentano-type diffraction geometry provides for a large open interval, 0 < 20 < 180 °, of diffraction angles. A wide variety of sample holders allows measurements with plane powder samples and thin films at low temperatures under variable orientation.
I. Introduction
The high resolution of powder diffraction instruments using synchrotron X-rays allows the determination of space groups in phase transitions even in cases of only minor changes in lattice constants, when conventional methods using Guinier or Bragg-Brentano mountings fail.
The investigation of phase transitions requires heating or cooling devices upon the diffractometer. At an instrument for synchrotron radiation, there is ample space around the sample, so the setting up of special equipment is straightforward, like the mounting of closed-cycle cooling engines or specially constructed furnaces (Arnold, 1991) .
However, owing to the low angular divergence of the synchrotron light beam, only a few sample grains contribute under a certain diffraction angle. Therefore, movement of the sample is very important in order to obtain reliable intensity data. Most of the existing instruments apply a Bragg-Brentano-type geometry with a double-crystal monochromator and a collimating system consisting of an analyzer crystal (Cox, Hastings, Thomlinson & Prewitt, 1983) or a Soller-slit system (Parrish, Hart & Huang, 1986) . For the improvement of the statistics over the sample grains, the whole set up is usually tilted at each 20 step by an angle of, for example, +5 ° around the 20 axis. This movement is easy to realize because this degree of freedom is available at the instruments. However, the heavy cryogenic equipment places a considerable load upon the diffractometer gears during the frequent tilts. Further problems arise in investigations at low 20 angles or with diffraction at grazing incidence.
We present here a design for a cryostat, for 8 < T< 300 K, which overcomes these complications by spinning the fiat disc-shaped sample around an axis normal to its surface.
Mechanical design
The basis for the cryostat is the powder diffractometer at HASYLAB, described in detail elsewhere (Arnold, Bartl, 0021-8898/93/010135-03506.00 , Ihringer, Kosten, L6chner, Pennartz, Prand! & Wroblewski, 1989) . The characteristic features of this instrument are two pivots on either side of the diffraction plane, each carrying a goniometer with an 800 mm inner diameter, one for the sample (the ~o circle) and the other for the detection system (the 20 circle). Both pivots can move on rails normal to the diffraction plane for adjustment.
Fuess
Like all sample-holder systems for this instrument, the cryostat presented here is mounted upon a ground plate. To set up the cryostat, the ground plate carrying it is fixed to the ~ circle. Fittings provide for a centered mounting. Translation of the goniometer along the rails adjusts the sample into the diffraction plane, another translation within the ground plate of the cryostat brings the sample to the height of the primary beam.
The basis of the cryostat is a two-stage (CTI model 21 SC Cryophysics) closed-cycle cryogenic engine with a cold finger equipped with two flanges for the vacuum and first-stage shields (Fig. 1) . The second stage, with T---8 K, carries the cold base plate, made of copper, for the cold sample spinner, with a disc-shaped sample holder. In the common Bragg-Brentano-type sample setting, the normal of the sample disc is approximately the bisector of the 20 angle. In this construction, the normal of the sample is also the axis of the cold finger, so the cold finger lies within the diffraction plane. The shielding of the cryostat against the atmosphere consists of a cylindrical tube (92 mm inner diameter, see Fig. 1 , 'outer vacuum shield'). At the bottom, the tube is closed by the flange of the closed-cycle engine. At its top, around the sample, the shielding tube is closed by a half cylinder of the same diameter as the tube with its axis normal to the diffraction plane, forming a hat as shown in Fig. 2 . The line of intersection between the diffraction plane and the hat is the center line of a 10 mm broad window in the half cylinder. The wide-open area of the window allows transmission of the primary beam even at grazing incidence. So the Bragg-Brentano-type inclination of the sample against the primary beam is not necessary for the use of this cryostat. The shielding construction is repeated for the 70 K shield, beginning at the 70 K flange of the cryogenic engine (see Fig. 1 ), and for the cold inner vacuum shield, sitting at the flange on the bottom of the copper ground plate of the sample space (see Fig. 1 ). All three shields and hats fit well together with distances of 1 mm between them.
The pressure-loaded inner and outer windows are vacuum-tight closed by 25 gm Kapton foils, stuck on the hats with epoxy glue. The radiation shield of the first stage is closed with an aluminized Mylar foil.
The sealing to the flange for the inner cold hat is an indium ring, whereas for the outer vacuum shield a rubber ring is sufficient.
To provide the wide angular diffraction range, the sample, adapted to a beam size of 10 x 5 mm, lies 8 mm above the intersection point of the cylinder and half-cylinder axes. Ample space (20 mm) between the sample-spinner disc and the sample plane allows a variety of special constructions for sample holders with diameters up to 40 mm. Usually the sample, prepared as a paste of the powdered substance and rotation axis of the I sample spinner I 14 20-axis of the Instrument Fig. 1 . Cross section through the cryostat normal to the diffraction plane: (1) first stage of the cryogenic engine, (2) helium gas inlet from the outside to the cold sample chamber, (3) 70 K shield, (4) outer vacuum shield, (5) second stage of the cryogenic engine, (6) second-stage mounting surface and cold sample-spinner base plate, (7) heating element, (8) silicon-diode temperature sensor, (9) magnetic clutch from the outside to the cold part with (10-12) three concentric hats on vacuum, first stage and second-stage shield, (13) silicon grease or as a disc-shaped ceramic pellet, is mounted upon the Mylar foil, which is clamped at the top of a cylindrical ring of diameter 40 mm and height 20 mm. In a specially constructed sample holder for hygroscopic material, the sample is enclosed in the air-tight space between two Kapton and beryllium discs. However, the sample surface might also be a thin film which can be oriented by the sample-spinning facility. The spinning drive consists of two concentric rings with six alternatively-poled magnets each, which make a magnetic clutch between the outer ring driven by a motor and the cold ring with the sample spinner. A special bearing is used which consists of an alternating sequence ofAl20 3 and nylon spheres. The concentric magnets ensure a 1:1 movement of both parts, so the drive can also be used to select a certain orientation of the sample with respect to the primary beam.
A small stainless steel tube (diameter 2 mm) connects the volume within the cold innermost hat to the helium supply outside the cryostat. So the pressure around the sample can be adjusted at each temperature to ensure thermal contact by conductivity between the sample and the base plate and to protect samples susceptible to vacuum or atmosphere.
The helium tube is the only connection from the cold volume to the outside of the cryostat. To avoid leaks by cold electric feedthrough, the temperature-sensing diode and the heating element for 8 < T < 300 K are mounted concentrically at the outside of the cold base plate. The full shielding of the second-stage mountings by the radiation shield with first-stage temperature and the minimized surface areas resulting from the compact design of the cryostat yield good thermal insulation and enable a lowest temperature of 8 K. Starting at 300 K, the cooling time to 8 K is about 2 h.
To give an example of our measurements with this cryostat, Fig. 3 shows the splitting of the (008)cub of cadmium niobate " at 8 < T < 200 K. Detailed results of our measurements of cadmium niobate are reported elsewhere (KiJster, Ihringer, Limper, Wroblewski & Prandl, 1991) .
Summary
The design of the cryostat presented here maintains the rotation symmetry around the 20 axis for the sample. This principle yields the cylinder-half pipe combination for the shape of the three concentric hats. It provides for a wide diffraction range 0 < 20 < 180 °. We optimized the statistics over the sample grains for the whole diffraction range by using a cold sample spinner. To improve thermal contact, exchange gas is used during work at all temperatures. The lowest temperature of 8 K is reached by a compact construction with a full first-stage shielding of the cold head mountings, whereas the cooldown time of 2 h is achieved by using as little material as possible. Because of the wide diffraction range and the possibility of orienting the sample from the outside, the cryostat is a very versatile instrument. Hence, it also allows investigation of the orientation of, for example, thin films at 8 < T < 300 K.
Introduction
The refinement of crystal structures from powder diffraction data has become more common since the advent of the Rietveld method (Rietveld, 1969) . Progress has also been made on the ab initio determination of crystal structures from powder data. The development of higher-resolution powder diffractometers, which use both X-and neutron radiation, has increased the probability of success and several structures have been determined (Lehmann, Christensen, Fjellv~g, Feidenhans'l & Nielsen, 1987) . Both Patterson techniques (e.9. Attfield, Sleight & Cheetham, 1986 ) and direct methods (e.9. Cheetham, David, Eddy, Jakeman,
Johnson & Torardi, 1986) have been used.
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The application of these techniques, however, has been limited by the difficulty of obtaining accurate structurefactor magnitudes, owing to the overlap of peaks in a powder diffraction pattern. Pawley (1981) proposed a technique for refining the unit-cell dimensions and for producing a set of structure-factor magnitudes that could be used in a direct-methods program. Each reflection is assigned a variable intensity and all are included in the least-squares matrix, along with the unit-cell and peak-shape parameters. The close proximity of reflections in the scan produces ill conditioning in the least-squares matrix, which is overcome by the use of slack constraints. However, if the spacing between two (or more) reflections is less than the scan step, the reflections are treated as a single reflection and the intensity of this 'reflection' is then divided equally among the contributing reflections. A similar method has been utilized by Jansen, Sch/ifer & Will (1988) in their program PROFIN, except that slack constraints are not used; the intensities are divided equally when the overlap is too close.
The method proposed here may be used to improve the accuracy of the structure-factor magnitudes obtained from a unit-cell-refinement program and thus increase the probability of successful ab intio structure determination. It may also be used to refine the structure factors without unit-cell refinement. As the calculated profile for each reflection is a linear function of the intensity, a standard method for the solution of linear least-squares problems is used (Wilkinson & Reinsch, 1971) . Unless a reflection is separated from its neighbour either by less than the scan step (SS), or (the choice is the user's) by less than a multiplying factor (MF)
